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Abstract 
Recent trends in development of methods for screening and diagnosis of environmental pollutants such as dioxin and dioxin-like 
compounds utilizing chemical and bioanalytical detection, their principles and advantages/limitations are described in the present 
literature review. This study briefly summarizes methods for determination of dioxin and dioxin-like compounds based on 
chemical methods, biological receptor ligands, enzyme-inducing compounds and artificial peptides. 
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1. Introduction 
The group of polychlorodibenzofurans (PCDFs) and polychlorodibenzo-p-dioxins (PCDDs) denominated as 
dioxins and dioxin-like compounds belongs to the chlorinated hydrocarbons family. The dioxin family, considering 
only molecules having chlorine as substituent in the rings, has over 200 compounds. They are highly toxic 
substances and very well-known environmental pollutants and carcinogens1,2,3. 
For a long time high-resolution gas chromatography/mass spectrometry (HRGC/HRMS) was the only option and 
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the standard method for detecting dioxin-like compounds. Enormous funds have been spent on determining the 
toxicity of PCDD/PCDFs in samples.4 Thus, low-cost methods are needed to allow analyses of a large number of 
sediment samples in a short period of time. Therefore, in recent decades, advances in biotechnology have allowed 
the development of a number of in vitro bioassays and ligand binding assays for dioxin and dioxin-like compounds. 
By screening a large number of samples, the process not only saves money, but also improves the accuracy, 
reliability, and scientific basis for the quantitative assessment of environmental health risks. For several 
bioanalytical dioxin tests, official methods by governmental authorities have now been approved such as EPA 
Method 4425 (Reporter gene assay) or EPA Method 4025 (Immunoassay)5. The use of in vitro bioassays provides a 
useful tool as a prescreening method for dioxin toxic equivalents quotients (TEQs) in environmental samples.6 
Recent bioanalytical detection methods (BDMs) for measuring dioxin-like activity are based on the ability of key 
biological molecules (e.g., antibodies, receptors, enzymes) to recognize a unique structural property of the dioxin-
like compound, or on the ability of cells or organisms to have a specific response to dioxin-like compounds. In the 
last decade, artificial peptides were designed to mimic biological key molecules3,7. Therefore, the authors do not 
intend to give a complete overview of the available literature, but rather, to present the current state-of-the-art in 
bioanalysis for dioxin-like compounds. 
2. Dioxin binding receptor and dioxin-like activity 
Most bioassays for the determination of dioxins are based on the interaction of dioxin-related compounds through 
the aryl hydrocarbon receptor (AhR) signal transduction pathway. Dioxin-like compound binds to the AhR, the 
complex is translocated to the nucleus of the cell, where it induces the transcription of a number of genes, and 
subsequently, the production of proteins. Protein production includes cytochrome P-450 (CYP) 1A, an enzyme 
involved in oxidation, reduction, and hydroxylation reactions. The expression of a number of other enzymes is 
affected by exposure to dioxin-like compounds: an aldehyde dehydrogenase, an NADPH-quinone-oxidoreductase, 
etc. The AhR complex also affects the expression of other genes that influence basic cellular processes, such as 
growth, differentiation, and programmed cell death8,9. The initiation of changes in the expression of these genes 
begins with the ligand binding to the AhR. 
3. Analytical methods for dioxin determination 
The chemical methods used for analyzing dioxin-like compounds are primarily chromatographic methods (gas 
chromatography, GC or high performance liquid chromatography, HPLC) with various detection techniques (mass 
spectroscopy, MS, electron capture detection, ECD, photodiode array, PDA). The biological methods in operation 
included biomarkers, whole animal exposures (in vivo, laboratory exposure), cell- or organ-based bioassays (e.g., 
EROD, in vitro luciferase), and protein binding assays (e.g., ligand binding as well as immuno-assays). 
It is unlikely that these biochemical screening methods will ever replace chemical instrumental analysis or in 
vivo toxicological studies. Instrumental analysis is necessary for the identification and exact quantification of the 
selected class of PHAHs, while the in vivo methods are necessary to study the bioavailability and prediction of 
whole-organism responses. However, the biochemical screening methods could complement chemical instrumental 
analysis and in vivo studies. 
3.1. Methods of chemical analysis 
These methods are based on the separation and quantification of dioxin-like compounds from matrices on the 
basis of differences in their molecular size, charge, mass, polarities, and redox potentials. The advantages are the 
structure conformation, the congener and pattern specificity, the calculation of the TEQ by the TEF-concept and 
international standardization. Disadvantages include potential loss in specificity, not all standards of interest are 
available, high cost, a long time for analysis, the limited information on the biological potency and potential 
interactions in complex mixtures of dioxin-like compounds4. 
The method of choice is HRGC with HRMS detection10. A few methods11 are currently being used to rapidly 
extract and analyze for selected organochlorines in sediments, but these rapid methods either do not provide specific 
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information about the contaminants present (e.g., individual polychlorinated biphenyl (PCB) congeners), or they 
employ expensive detection instruments. 
A rapid method has been reported to measure PCB congeners as well as other selected PCBs in sediment by 
HPLC-PDA. Authors reported that the method were comparable with the levels in the same samples analyzed by 
alternative comprehensive methods (i.e., GC-ECD or HRGC-HRMS)12. 
HPLC method with supercritical fluid extraction (SFE) and accelerated solvent extraction (ASE) were successful 
in extracting PCBs and PCDDs from XAD-2. The average recoveries of PCBs and PCDDs extracted by SFE and 
ASE were similar to the results obtained by Soxhlet and ultrasonic extraction. Considering criteria such as solvent 
consumption, extraction time, and practical conditions among the different methods, SFE and ASE were the 
preferred methods. The use of a small amount of solvent in SFE and ASE made the concentration process much 
easier, reducing the possibility of analyte loss13. 
3.2. Biomarkers and ELISA methods 
In vitro bioassays offer the possibility of selecting between easily biodegradable compounds and more persistent 
AhR agonists, by different sample incubation times; the more persistent dioxin-like compounds are responsible for 
effects after 24–48 h incubation time14,15,16. However, chemical separation of PAHs and dioxins is a more useful, 
easier and quicker method. 
The success of immunoassays, the binding of a specific antibody, followed by indirect measurement of bound 
material have been reviewed by several authors in recent decades17,18. Promising antibody-based techniques such as 
(enzyme immunoassays, EIAs, fibre optic immunoassays, immunoaffinity chromatography, biosensors, and flow 
injection immunoanalysis) continue to evolve. The general antibody-based separation methods (e.g., affinity 
chromatography, capillary electrophoresis) and immunochemical detection methods (immunoassays, flow injection 
methods or immunosensors) were reviewed19. Biologically, the EIAs exploit the ability of specialized biological 
molecules, antibodies, to selectively and reversibly bind organic molecules. Antibodies are produced by the immune 
system by all mammals to react against foreign substances for the purpose of self-protection. Their property is used 
by immunizing some animals with a hapten and then using the antibodies as highly specific reagents to recognize 
the analyte. 
3.3. Methods involving artificial peptides 
Methods for dioxin detection using a short peptide alternative to an immunoantibody were reported by several 
authors3,7. These methods demonstrated the potential of short peptides as a practical sensor material targeting low 
molecular weight compounds. A method based on a designed pentapeptide was developed as analytical system for 
determination of dioxins and dioxin-like compounds. Peptide bead was screened by fluorescence microscope to 
detect dioxin with high sensitivity. No sensitizing method or additional apparatus was utilized in the dioxin 
detection. Cross reactivity to PAHs and false negative results were a problem in dioxin detection in real soil samples 
and in the environmental assessment; however, the method could be used as an initial screening of doubtful samples 
contaminated by dioxins and contribute to reducing the number of samples subjected to GC/MS analysis7. 
The application of a peptide-dioxin interaction was exploited for utilizing designed peptide as sorbent material 
for 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) solid-phase extraction (SPE). The modest computing framework 
was found to be a good tool in short peptide selection, as possible receptors for the dioxin family. Higher ranked 
peptides were not supposed to be the best in binding dioxins, but the methodology proposed can be used in support 
of experimental tests, rationalizing, and reducing by orders of magnitude the choice of molecular traps. Further work 
is needed to optimize the SPE procedure in order to maximize analyte retention and to verify crossreactivity of 
unspecific adsorption in real samples3. 
4. Conclusion 
Analytical tools have the potential to greatly advance our knowledge about the effects of chemicals on the 
environment. However, several challenges must be met if faster and cost-effective analytical methods such as 
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bioassays and HPLC are to make the transition from being research tools to being widely used analytical methods 
which complement chemical analysis (HRGC/HRMS). The methods for the bioassays must be clearly defined and 
must meet widely accepted performance criteria. Continued improvements in biochemical technologies such as 
peptide design and combination of bioassays and methods of chemical analysis may be the way to overcome 
limitations of both approaches. 
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